Hearing one's own voice is important for regulating ongoing speech, and for mapping 36 speech sounds onto articulator movements. However, it is currently unknown whether attention 37 mediates changes in the relationship between motor commands and their acoustic output, which 38 are necessary as growth and aging inevitably cause changes to the vocal tract. In this study, 39 participants produced vocalizations while they heard their vocal pitch persistently shifted 40 downward one semi-tone in both single-and dual-task conditions. During the single-task 41 condition, participants vocalized while passively viewing a visual stream. During the dual-task 42 condition, participants vocalized while also monitoring a visual stream for target letters, forcing 43 participants to divide their attention. Participants' vocal pitch was measured across each 44 vocalization, to index the extent to which their ongoing vocalization was modified as a result of 45 the deviant auditory feedback. Smaller compensatory responses were recorded during the dual-46 task condition, suggesting that divided attention interfered with the use of auditory feedback for 47 the regulation of ongoing vocalizations. Participants' vocal pitch was also measured at the 48 beginning of each vocalization, before auditory feedback was available, to assess the extent to 49 which the deviant auditory feedback was used to modify subsequent speech motor commands. 50
Introduction

2006; Scheerer & Jones 2012, 2014). This feedforward controller utilizes sensory-motor 81
representations that encode the relationship between speech motor commands and their sensory 82 consequences. Once established, these sensory-motor representations drive speech production in 83 a primarily feedforward manner. However, the after-effects witnessed after prolonged exposure 84 to FAF demonstrate that sensory feedback is monitored and used to update the mapping of these 85 sensory-motor representations, maintaining the precision of the feedforward controller. Although 86 it is clear that fluent speech production relies on feedback and feedforward controllers, it is 87 currently unclear how attention modulates these controllers, and their interactions. 88
Previous research has demonstrated that divided attention impairs performance on other 89 the visual stimuli, notes, and shift onsets and offsets was controlled by Max/MSP 6 (Cycling '74,
The RSVP started with a 950 ms green fixation cross which was accompanied by the 148 target note C4 for female participants, or the target note E3 for male participants. Following 149 removal of the fixation cross and target note, a stream of successively presented letters appeared 150 on the screen. Each stream of letters was approximately 5400 ms in duration, and consisted of 37 151 letters. Each letter appeared for 50 ms, followed by an interstimulus interval (ISI) of 100 ms. For 152 both experimental sessions, each visual stream had two targets: 1. a randomly selected white 153 letter from the alphabet (excluding the letter "X"); and 2. a black "X," that occurred 154 pseudorandomly before or after the white letter. The white letter appeared randomly between the 155 4 th and the 37 th letter, and the "X" randomly appeared between the 1 st and 15 th letter, before or 156 after the white letter (minimum 2 nd place, maximum 36 th place in the visual stream). All of the 157 letters in the stream were capitalized and in black font, with the exception of the white target 158 letter. Each letter was displayed at the same location in the center of the grey screen, and during 159 the ISI participants viewed a uniform grey field. For trials in the single-task condition, each 160 visual stream ended with a blank grey field, whereas for trials in the dual-task condition, each 161 visual stream ended with two questions. The first question appeared on the screen at the end of 162 the visual stream and stated, "Identify the WHITE letter. If you are unsure, please guess." The 163 second question, which appeared immediately after the participant's response to the first 164 question stated, "Indicate when the "X" appeared with reference to the white letter." The 165 participant was required to press a key labelled "YES" if they believed that the "X" appeared 166 before the white letter, and a key labelled "NO" if they believed that the "X" appeared after the 167 white letter. 168
169
Auditory Perturbations. 
Experimental Procedure 181
The order of the single-and the dual-task conditions was counterbalanced across 182 participants. During both conditions, participants were informed that at the start of each trial a 183 fixation cross would appear on screen, and a target note would play in their headphones. 184
Participants were instructed to start vocalizing an /a/ sound at a comfortable level once the target 185 note was finished playing and the RSVP of letters began to flash on screen. Specifically the 186 participants were instructed to start vocalizing when the first letter appeared on screen, and to 187 stop vocalizing when the stream of letters stopped. In order to ensure the participants understood 188 the task instructions, a series of practice vocalizations were performed at the start of each 189 To compare the effects of attentional load on compensatory responses, sensory-motor 299 learning, and after-effects, multiple paired-samples t-tests were conducted. Significant 300 differences were found between single-and dual-task condition for compensatory responses 301 (t(29) = 2.438, p = 0.028), sensory-motor learning (t(29) = 3.5 , p = 0.003), and after-effects 302 (t(29) = 2.169 , p = 0.047). For each comparison, median values were larger in the single-task 303 condition, indicating that compensatory responses, sensory-motor learning, and after-effects 304 were reduced when attention was divided. 305
306
The relationship between visual-task performance and compensations to FAF.
For each trial in the dual-task condition, records were kept of the white letter in the 308 stream, whether the "X" appeared before or after the white letter, the participants' keyed 309 responses and reaction times to question one, as well as the participants' keyed responses and 310 reaction times to question two. Accuracy values for questions one and question two were 311 averaged over the experimental block, and then across all participants for each question. Only 312 accuracy data, not response time, was subjected to statistical analyses because response accuracy 313 was emphasized in the instructions to the participants. 314
To assess the trade off between target identification accuracy, and the influence of 315 deviant auditory feedback on vocal performance, Pearson-product moment correlations were 316 conducted to assess the relationship between compensatory responses, sensory-motor learning,
331
Discussion 332
The aim of this experiment was to investigate whether divided attention modulates the 333 integration of auditory and motor information during ongoing speech. Participants produced 334 vocalizations while exposed to predictable changes in their auditory feedback. To manipulate 335 attentional load, the vocalizations were produced while participants either passively viewed a 336 RSVP of letters, or while they attended to a RSVP of letters in order to later identify target 337 stimuli. Sensory-motor adaptation was assessed by measuring the participants' F0 at the 338 beginning of their vocalizations. Since auditory feedback is delayed by cortical processing, the 339 On the other hand, less sensory-motor learning was observed when participants produced 361 vocalizations while also monitoring a visual stream for target letters. This indicates that under 362 divided attention, remapping of the sensory-motor representations that support the feedforward 363 controller was reduced, and the production of subsequent vocalizations was less affected by the 364 FAF. To further probe the influence of divided attention on sensory-motor integration, after-365 effects, or the persistence of the compensatory response following the removal of the FAF 366 manipulation, were also calculated. These after-effects reflect the extent to which the motor 367 system was recalibrated as a result of the prolonged exposure to the FAF. Consistent with the 368 sensory-motor learning results, larger after-effects in the single-task condition were found, which 369 suggests the FAF had a larger effect on the feedforward controller when attention was undivided. 370
Together, these results suggest that sensory-motor learning decreased under divided attention, 371 which is consistent with the results of previous motor tasks performed under divided attention 372 
